


The Electronics and Electrical
Engineering Laboratory
Through its technical laboratory research programs, the
Electronics and Electrical Engineering Laboratory (EEEL)
supports the U.S. electronics industry, its suppliers, and its
customers by providing measurement technology needed to
maintain and improve their competitive position.  EEEL also
provides support to the federal government as needed to
improve efficiency in technical operations, and cooperates
with academia in the development and use of measurement
methods and scientific data.

EEEL consists of five programmatic divisions, two matrix-
managed offices, and a special unit concerned with magnetic
metrology:

! Electricity Division

! Semiconductor Electronics Division

! Radio Frequency Technology Division

! Electromagnetic Technology Division

! Optoelectronics Division

! Office of Microelectronic Programs

! Office of Law Enforcement Standards

! Magnetics Group

This document describes the technical programs of the
Radio-Frequency Technology Division.  Similar documents
describing the other Divisions and Offices are available.
Contact NIST/EEEL, 100 Bureau Drive, MS 8100,
Gaithersburg, MD 20899-8100, Telephone: (301) 975-2220,
On the Web: www.eeel.nist.gov

The Cover symbolizes the diverse programs of
the Radio-Frequency Technology Division and
the cross section of industry that it serves. The
programs range from the development of new
metrology for microelectronics devices and
circuits for radio and high-speed digital
applications, to the precise characterization of
electromagnetic fields, wireless systems, and
antennas for radar and for satellite and
terrestrial communications.
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Measuring the radiation characteristics of a
typical device-under-test in the NIST anechoic
chamber.

electromagnetic parameters in essential segments
of the spectrum, and to provide industry with
measurement standards and services.  The
researchers draw on their collective experience in
precision antenna measurements, electromagnetic
field standards, time- and frequency-domain
research, probe and antenna design, modeling
and statistical analysis, and instrumentation to
develop and analyze EMI / EMC measurement
techniques.  The techniques often must meet
contradictory goals: they must be accurate and
thorough, yet practical and cost-effective; they
must have a low uncertainty, yet require minimal
time.

Facilities for radiated electromagnetic field
testing are expensive, and so it is important to
fully utilize that investment. NIST researchers
examine both the immunity and the emissions
measurement capabilities of selected test
techniques or facilities. A good example of a
technique with a wide range of capabilities
including emissions, immunity, and shielding of
materials, cables, gaskets, and connectors is the
reverberation chamber.  NIST research is on the
leading edge in the development of reverberation
chamber theory and test techniques. Industry and
government have accessed this research through
conferences and workshops, transaction papers,
NIST Technical Notes and reports, special tests
and consultations, and NIST participation in

committees writing measurement standards.  The
overall strategy for the EMI/EMC program can
be summed up as follows:

Develop and evaluate reliable and cost-effective
standards, test methods, and measurement
services related to electromagnetic emission and
immunity of electronic devices. This includes the
critical characteristics of support hardware, such
as antennas, cables, connectors, enclosures, and
absorbing material.  We will continue to focus
this research in areas of significant potential
benefits and wide applications including
reverberation techniques, transverse
electromagnetic (TEM) structures, anechoic
chambers, time-domain ranges, open area test site
(OATS), and new innovative techniques.

MILESTONE: By 2001, develop and evaluate
techniques for rapid evaluation/calibration of
electromagnetic field sensors (probes) in a
reverberation chamber.

MILESTONE: By 2002, develop techniques for
characterizing the efficiency and other antenna
parameters used as transducers in reverberation
chambers and for EMC certification on OATS and
semi-anechoic chambers.

MILESTONE: By 2002, develop and propose to
standard committee(s) a procedure for
measuring the shielding and leakage properties
of cables and connectors.

MILESTONE: By 2003, analyze, refine, and
optimize measurement procedures for emissions
and immunity measurements in a reverberation
chamber, publish recommended procedures and
applications.

MILESTONE: By 2005, develop and validate
efficient methods for the characterization and
calibration of measurement facilities using both
frequency-domain and time-domain techniques.

MILESTONE: By 2007, develop and validate
theoretical and statistical models for the
intercomparison of EMI / EMC measurement
facilities and procedures.

Most EMI/EMC measurements have large
uncertainties due to many sources including
insufficient sampling of the radiated fields, poor
field uniformity, device-under-test directivity and
repeatability, and others.  There is often a desire
to reduce the number of samples and thereby
simplify or shorten the test.  While this reduces
the cost of the test, it often results in higher
uncertainties and, ironically, may require more
expensive EMI measures in the product in order
to pass emissions or immunity regulations. A
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careful evaluation of measurement uncertainties
can lead to more optimal measurements.  This
will help to reduce product development and
manufacturing costs and increase
competitiveness. As the uncertainties are better
understood, the credibility of the technique
improves and it is easier to gain acceptance of US
measurements by International EMI/EMC
regulating bodies.

MILESTONE: By 2005, develop and validate
statistical models for EMI / EMC testing
procedures, and device-under-test directivity and
failure distributions.  These models, in turn, form
a basis for the analysis of total measurement
uncertainties.

Provide current research data and other technical
inputs to US and international standards
development organizations with a goal to
harmonize EMI/EMC standards worldwide.  We
plan to continue our participation on the various
IEC, CISPR, ANSI, SAE and IEEE standards
committees.

MILESTONE: By 2005, provide technical input
and active participation to committees in order to
realize the publication of reverberation
measurement techniques and TEM structures for
EMC applications in national and international
standards documents.

Accomplishments
! Refurbished the NIST Open Area Test Site
(OATS) and anechoic chamber in preparation for
research in antenna and emissions measurement
methods and uncertainties.  These sites support
several programs including antenna calibrations
and field standards, probe and antenna
development, and EMI/EMC metrology.  We are
also pursuing plans for future world-class
electromagnetic research and measurement
facilities.

! Published several new NIST Technical
Notes and conference papers covering recent
developments in the electromagnetic theory,
statistical analysis, modeling, and calibration of
reverberation chambers.

! Participated in joint research with US
automobile manufacturers and the US Navy to
evaluate reverberation techniques for vehicle
EMI/EMC testing.  The research team tested the
research vehicles in multiple facilities including
reverberation chambers and semi-anechoic
chambers.  NIST performed facility calibration
measurements, test procedure consultation, and
data analysis for this research.

! Developed new measurement methods and
hardware to characterize ultra-weak emitters.
The presence of ambient noise makes the
characterization and detection of weak emitters
even more difficult. However, spherical near-
field scanning theory has been extended to the
case where the emissions of the desired source
inside the measurement sphere can be separated
from the noise due to undesired sources outside
the measurement sphere.

! Characterized electrically small emitters
using the intrinsic electric and magnetic dipole
moments. These dipole moments are difficult to
measure for weak emitters, but a sensitive TEM-
cell method has been analyzed and verified
experimentally.

! Participated in joint research with the Naval
Research Laboratory for EMI/EMC testing of
advanced radar transmit/receive modules.

! Transferred technical information to several
EMC standards committees (IEC-CISPR, IEC-
TC77, RTCA DO-160, and SAE) actively
drafting measurement requirements for
reverberation techniques.

! Developed statistical models describing
typical imperfections and improved the statistical
models of the fields encountered in reverberation
chambers. After an extensive evaluation of the
new reverberation chamber facility at NASA
Langley Research Center, we were able to
contribute significantly to better understanding of
reverberation technology. Several sources of
errors occur in determining the field parameters
in a reverberation chamber. These include
antenna efficiency and other antenna effects,
problems with inadequate mixing due to poor
paddle design and direct coupling between the
antennas, and errors in the formulas used to
predict the fields. After completing several
billions of measurements in several different
reverberation chambers, we have been able to
develop new measurement and analysis
techniques, significantly improving measurement
accuracy and reducing uncertainties. We are now
able to discern effects in chamber performance
on the order of less than 1 dB.

FY Deliverables
External Recognition
Received Best Symposium Paper Award at the
1999 IEEE EMC Symposium, Seattle WA.

Received Best Symposium Paper Award at the
1997 IEEE EMC Symposium, Austin TX.

 Radio-Frequency Technology Divisio
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